Introduction
Heterocyclic mesomeric betaines[l] 1 are well established and versatile 1,3-dipoles, a characteristic that allows them to take part in 1,3-dipolar cycloaddition reactions,l2] They have also found widespread application in the synthesis of natural products and organic compounds of biological relevance.
[3] 2-Alkyl-and 2-amino-substituted azinium salts 2 have the potential to function as 1,4-dinucleophiles by deprotonation and are capable ( Figure 1 ) of reacting with dielectrophilic reagents such as 1,2-dicarbonyl compounds (Westphal reaction) [4] to give a variety of azonia derivatives incorporating quaternary bridgehead nitrogen systems. [5] In contrast, with the exception of only a few examples, [6] less attent-ion has been paid to the possibility of using appropriately 1,2-substituted azinium salts 3 as synthetic eq uivalents of 1,4-nucleophilic/electrophilic ylides such as 4 ( Figure 1 ). Except for isolated reports, the use of 1,4-dipole equivalents has gene rally remained underexploited. [7] In connection with such compounds 3, we previously reported the first example [8] of the behaviour of this system as a 1,4-nucleophile/electrophile through the intermediacy of N-aminides 4. This behaviour was demonstrated through > the reactivity of 2-(ethoxycarbonyl)azinium salts 3 with het- FULL PAPER 1.1. Vaquero et al. erocumulenes, [9] to afford heterobetaines 5. We also found that the same N-aminides 4 can behave as 1,3-dipoles when they react with acetylenic and olefinic dipolarophiles to afford pyridopyrazoles 6 or heterobetaines 7 -in the latter case through a 1,3-cycloaddition reaction/ring expansion process [IOJ (Scheme 1) . This interesting dual role found for (alkoxycarbonyl)cycloimmonium N-aminides 4 prompted us to carry out further studies in this area. The goal of this work was to gain a more detailed understanding of the reactivity of these azinium N-aminides as 1,4-dipole equivalents. Here we describe results relating to their reactivity with other heterocumulenes and heterocyclic imidoyl chlorides to provide new fused triazinium heterocyclic systems.
Results and Discussion
In the context of our ongoing investigations into the construction, via dipolar intermediates, of heterobetaines and in view of the behaviour of azinium N-aminides 4 described above, the precursor salts 3 were obtained by direct amination of the corresponding (alkoxycarbonyl)azines with use of mesitylenesulfonyl hydroxylamine (MSH) as the aminating agent (Scheme 2).[11J Under basic conditions (K2C03/ CH3CN) these salts gave the corresponding 2-(alkoxycarbonyl)azinium N-aminides 4 (pyridinium, quinolinium, isoquinolinium), which were treated with cyclohexyl-and arylcarbodiimides to afford heterobetaines 9 in good yields. Reactions with diisopropylcarbodiimide were also attempted with salts 3a and 3b, but in these cases the corresponding cyclocQndensation products were not detected. This result is probably due to steric interactions, which preclude the cyclization step. The formation of heterobetaines 9 can be envisaged as occurring via the corresponding dipolar intermediates 8. Although these intermediates could not be detected in these reactions, we had previously described the isolation of similar intermediates and their transformation into the corresponding mesomeric betaines. [8] The reaction between 2-(ethoxycarbonyl)pyridinium-Naminide (4a), generated in a biphasic K2COiCH3CN system, and benzoyl isothiocyanate at room temperature afforded a mixture of compounds that contained the heterobetaines 10 (38%) and 11 (42%). When this mixture was heated in CH3CN or EtOH for 3 h, heterobetaine 10 was transformed into 12 through loss of the benzoyl moiety (Scheme 3). When the same reaction was carried out in CH3CN at reflux, heterobetaine 12 was isolated in 50% yield along with 11, which was formed in the same yield (42%) as when the reaction had been performed at room temperature. The aminide 11 was presumably formed as the result of an attack by the amino group in 4a on the carbonyl group of the benzoyl isothiocyanate, followed by loss of isothiocyanic acid. The structure of 11 was easily confirmed by treatment of the N-aminide 4a with benzoyl chloride.
Benzoyl isocyanate reacts with 4a to give heterobetaine 13 as the main reaction product (73%) under the same conditions as used for the formation of 12 (Scheme 3). All attempts to transform 13 into the heterobetaine 14 by treatment with NaOH (2%) were unsuccessful and the only isolable compound was the pyridinium N-aminide 15 (90%). The formation of 15 can be explained in terms of ringopening of the triazine ring through nucleophilic attack at the endocyclic carbonyl group and subsequent decarboxylation of the intermediate pyridinium carboxylate. 1 H NMR spectroscopy showed that this N-aminide was very unstable in solution.
Scheme 2. Compound 12 is an interesting heterobetaine with four potentially reactive nucleophilic sites on the triazine ring N, J--.
nuc1eophilic/electrophilic partners was also studied.
[IO] Initial examination of the reactivity of 3a with 2-chlorobenzothiazole in a biphasic system (anhydrous K2C03 and dry CH3CN), followed by stirring at room temperature for 6 h, afforded 21a in modest yield (40%). Better results (60%) were obtained with use of salt 3a as the iodide, probably because 21a as the iodide precipitates in the homogeneous reaction medium in the presence of N,N-diisopropylethylamine (Hiinig's base) in CH2CI2 (room temperature, 20 h). Finally, the best yield was obtained by heating the reaction mixture at reflux overnight (81 %). When these conditions were applied to 2-chlorobenzoxazole, the corresponding tetracyclic triazine 21b was obtained -albeit in only 24% yield. Different reaction conditions were tested to improve this yield, with the best results (35 % yield) being obtained with CH3CN as the solvent. This low yield is probably due to a nuc1eophilic attack at the C-6a position followed by a ring-opening reaction of the benzoxazole ring.
Unprotected and N-benzyl-protected 2-chlorobenzimidazoles did not react with 3a either under biphasic or under homogeneous conditions, but high yields (75 %) of the pyridotriazinobenzimidazolium compound 21c were obtained when the 3a was used as its sulfamoyl derivative (Scheme 5). The protecting group can be removed from 21c under mild neutral reaction conditions (EtOH reflux, 6 h) to furnish 22 in 88 % yield. Treatment of 22 with K2C03 in CH3CN generated the heterobetaine 23a, which was selectively Nmethylated with Mel/DMF to give 24 in 91 % yield (Scheme 5).
The N-aminide generated from 3b also reacted with 2-chlorobenzothiazole in CH2CI2 to give 21d in 62 % yield and with the N-sulfamoyl-protected 2-chlorobenzimidazole to afford a mixture of the benzimidazotriazinoquinolinium salt 21e (33%) and the heterobetaine 23b (22%). Quantitative conversion of 21e into 23b was achieved by heating 21e at reflux in EtOH (Scheme 6).
Conclusions
In conc1usion, the results described here illustrate further applications of the synthetic utility of N-aminides 4 as 1,4-nuc1eophilic/electrophilic reagents. This behaviour allowed a straightforward synthesis of new pyrido [2,1-j] [1, 2, 4] triazinium salts, which can be regarded as suitable precursors for new charged guanidine derivatives through ring-opening reactions.
Experimental Section
General Remarks: Melting points were determined on an Electrothermal IA9100 apparatus. Infrared spectra were recorded on a Perkin~EJmer 1310 spectrophotometer with use ofKBr pellets, and 1 mmo] ) was added to a stirred suspension of azinium salt 3 (1 mmol) and anhydrous K2C03 (0.55 g, 4 mmol) in dry acetonitrile (10 mL). The mixture was stirred at room temperature for 20 h and the inorganic residue was filtered off. The organic phase was concentrated and extracted with toluene (3 X 10 mL), reconcentrated and recrystallized from the appropriate so]vent.
3-Phenyl-4-oxo-3,4-dihydropyrido [2, 1-.11 [1,2,4] triazin-9-ium-2-( N' -phenyl)aminide [12] H 4.49, N, 17.82; found: C 72.47, H, 4.79, N, 17.35. 4-0xo-3-p-to] yl-3,4-dihydropyrido [2,1-j] [1, 2, H 5.14, N 14.28; found: C 76.13, H 5.29, N 13.90. 4-0xo-3-p-tolyl-3,4-dihydro[1,2,4] triazino [1,6- H 5.14, N 14.28; found: C 76.82, H 5.33, N 13.90. 4-0xo-3-p-tolyl-3,4-dihydro[1,2,4) triazino [1 ,6- 1678, 1627, 1584, 1505, 1439, 1407, 1312, 1160 cm-l. C25H20N40 (392.46): ca1cd. C 76.51, H 5.14, N 14.28; found: C 76.45, H 5.01, N, 14.22. Reactions between the Salt 3a and Benzoyl Iso(thio)cyanates 4-0xo-3,4-dihydropyrido [2,1-j] [1, 2, 4) triazin-9-ium-2-thio1ate (12): A stirred suspension of 3a (0.37 g, 1 mmol) in dry acetonitrile (10 mL), benzoyl isothiocyanate (0.15 mL, 1.1 mmol) and anhydrous K2C03 (0.55 g, 4 mmol) were mixed under argon. The reaction mixture was stirred at room temperature for 20 h, and the filtrate was collected and concentrated under reduced pressure to afford 10. Further heating of 10 at retlux in EtOH for 3 h gave 12 (90 mg, 50%) as a yellow solid: m.p. 236-237 DC (EtOH 2, 136.7, 136.6, 135.8, 129.9, 125.0 3-Benzoy 1-4-oxo-3,4-dihydro pyrido [2,1-j] [1, 2, 4) triazin-9-ium -2-0 la te (13) : Anhydrous K2C03 (0.55 g, 4 mmol) was added to a solution of 3a (0.37 g, I mmol) and benzoyl isocyanate (0.14 mL, 1.1 mmol) in dry acetonitrile (10 mL). The suspension was stirred for 20 h at room temperature, the solvent was removed, and the residue was triturated with water (lO mL). The precipitate was filtered, washed with water until neutral and recrystallized from EtOH to give 13 (0.20 g, 73%) as white needles: m.p. 208-209 DC (EtOH) . IH NMR 2830 , 1724 , 1582 , 1551 , 1456 , 1438 found: C 9.89, H 2.53, N 13.27. 2-MethyIthiopyrido[2,1-j] [1, 2, (17): Anhydrous K2C03 (0.28 g, 2 mmol) was added to a suspension of 16 (0.16 g, 0.5 mmol) in dry acetonitrile (5 mL). The reaction mixture was stirred at room temperature for 20 h and concentrated to dryness, and the residue was purified by column chromatography (silica gel) with acetone as eluent, to give 17 (0.094 g, 97%) as a white solid: m.p. [189] [190] De. lH NMR (CDCI3, 300 MHz): 15 = 8.66 (dd, J1 = 8.0, J2 = 1. 4 Hz, 1 H), 8.58 (d, J = 6.6 Hz, 1 H), 8.10-8.02 (m, I H), 7.86-7.78 (m, 1 H), 2.57 (s, 3 H) ppm. IR (KBr): v = 1638 , 1605 , 1500 , 1440 , 1368 , 1223 N 21.75; found: C 49.91, H, 3.91, N 21.51. 3-M ethy 1-2-methy Ithio-4-oxo-3,4-d ihydro pyrido [2,1-j]11,2,41triazin-9-ium Jodide (18): Methyl iodide (0.25 mL, 4 mmol) was added to 4, 142.8, 140.3, 134.9, 133.9, 131.4, 128.8, Heterobetaine 23a: A suspension of 22 (0.18 g, 0.5 mmol) and K2C03 (0.55 g, 4 mmol) in dry acetonitrile (5 mL) was stirred at room temperature for 6 h. The reaction mixture was filtered off and washed with water until neutral and then with acetonitrile, yielding 23a (0.11 g, 96%) as dark orange solid. m.p. >300°C (DMF 10, H 3.41, N 23.72; found: C 65.98, H 3.37, 2':1, 6) [1 ,2,4] 7, 147.0, 139.7, 139.0, 133.8, 131.7,130.8,128.3,126.1,124.4,123.9,115 
